Abstract-In this paper the first part of an axis symmetric 2D description of a single crystal micro fiber growth process by micro-pulling-down (μ-PD) method is presented. The description concerns the following aspects: the free surface equation and the pressure difference across the free surface (section 2); limits of the pressure difference p across the free surface (section 3); the fiber radius change rate, due to the change of the pressure difference p across the free surface , and the fiber radius size control (section 4);the static stability of the free surface (section 5). The above aspects are illustrated numerically in the case of the growth of a Si micro-fiber of radius 0.0001[m] by using the Maple 17 software. This description can be helpful in the better understanding of the growth process and in the automation of manufacturing.
INTRODUCTION
The near one-dimensional single crystal fibers have attracted some attention on the applications of optical and electronic devices [1] [2] [3] . There are several methods for growing fiber crystals [4] . The micro-pulling down (μ-PD) process, a variant of the inverse edge-defined film-fed growth, developed by Fukuda's laboratory in Japan [5] [6] [7] [8] [9] , has been shown promising in producing single crystal fibers with good diameter control and concentration uniformity. According to [10] , for this process some simple theoretical analysis for the operation limits [11] and solute distribution [12, 13] have been performed and no detailed modeling has been conducted. In [14] the meniscus shape and size, appearing in μ-PD were evaluated in function of pressure difference, which incorporates the hydrostatic pressure of the melt column situated behind the meniscus and the pressure in front of the free surface of the meniscus. In [15] some results from [14] were used in the analysis of the effect of the pressure difference across the free surface on the shape and size of the meniscus in an NdYAG microfiber growth from the melt by μ-PD method.
II. THE FREE SURFACE EQUATION
The free surface of the meniscus (see Fig.1 ) is described mathematically by the Young-Laplace equation [16, 17] :
Here:  is the melt surface tension; g is the gravity acceleration; z is the coordinate of M with respect to the Oz axis, directed vertically downwards; m h denotes the melt column height between the horizontal crucible melt level and the shaper bottom level (Fig.1 ). The pressure difference b a P P  across the free surface, denoted usually by p  , according to the above considerations is:
The part p of p  is given by:
is independent of the spatial coordinate z (it can depend on the moment of time t ) and the major part of p is With this approximation the Young-Laplace free surface equation (1) can be written as: 
The proof of this statement can be found in the Appendix. In case of a Si microfiber for the following numerical data:   h ,but the range where the value of p has to be is large and we don't know which value of p is appropriate. Moreover, is not sure that there exists a value of p in the above range for which an axis symmetric meniscus with convex meridian curve exists (the condition (11) is only necessary). In order to answer these questions the following initial value problem: The meridian curve of the meniscus is presented in Fig.2 .a and ) (r  in Fig.2 .b. At this point it has to be noted that the downward orientation of the OZ axis in Fig.1 .and the upward orientation of the OZ axis in figure Fig.3a are opposite. For that this last figure has to be rotated with 180 degrees around the OX axis in order to obtain the meridian curve shape as it is presented in Fig.1 
IV. EQUATION OF THE FIBER RADIUS CHANGE RATE DUE TO THE CHANGE OF THE PRESSURE DIFFERENCE AND FIBER RADIUS SIZE CONTROL
Starting from the condition of growth angle constancy, according to [17] , the following equation of the fiber radius change rate, due to the pressure difference perturbation p , is obtained: (17) and (18) are represented on Fig.3 with green, blue and red respectively. 
The increase and the complete process of decrease and
is presented in Fig.4 .a. and 
So, the right hand side of the inequality (12) is proven.
In order to obtain the left hand side of (11) 
